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ABSTRACT
Nowadays,	 demands	 in	 the	 application	 of	 fibre	 in	 concrete	 increase	
gradually	as	an	engineering	material.	Rapid	cost	 increment	of	material	
causes	 the	 increase	 in	 demand	 of	 new	 technology	 that	 provides	 safe,	
efficient	and	economical	design	for	the	present	and	future	application.	The	
introduction	of	ribbed	slab	reduces	concrete	materials	and	thus	the	cost,	but	
the	strength	of	the	structure	also	reduces	due	to	the	reducing	of	material.	
Steel	fibre	reinforced	concrete	(SFRC)	has	the	ability	to	maintain	a	part	of	
its	tensile	strength	prior	to	crack	in	order	to	resist	more	loading	compared	
to	conventional	concrete.	Meanwhile,	the	ribbed	slab	can	help	in	material	
reduction.	This	research	investigated	on	the	bending	strength	of	2-ribbed	
and	 3-ribbed	 concrete	 slab	with	 steel	 fibre	 reinforcement	 under	 static	
loading	with	a	span	of	1500	mm	and	1000	mm	x	75	mm	in	cross	section.	
An	amount	of	40	kg/m 	steel	fibre	of	all	total	concrete	volume	was	used	as	
reinforcement	instead	of	conventional	bars	with	concrete	grade	30	N/mm2. 
The	slab	was	tested	under	three-point	bending.	Load	versus	deflection	curve	
was	plotted	to	illustrate	the	result	and	to	compare	the	deflection	between	
control	and	ribbed	slab.	This	research	shows	that	SFRC	Ribbed	Slab	capable	
to	withstand	the	same	amount	of	load	as	normal	slab	structure,	although	
the	concrete	volume	reduces	up	to	20%.
Keywords:	steel	fibre,	ribbed	slab,	multiple	ribbed	slab
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INTRODUCTION
Reinforced concrete can be explained as a concrete that mixed with strong 
material such as steel which increase its strength under tension and make 
it less likely to fail. It is also a long-lasting building material that can be 
produced in various sizes and shapes. Its effectiveness and flexibility can be 
achieved by combining the best features of concrete and steel [1]. Due to the 
global changes in the economy, especially in the construction industry these 
days, it is observed that there are rapid increments in material price which at 
the same time causes the rapid hikes of the structure value especially those 
in urbanised areas. Therefore, it is important to find alternatives to reduce 
the quantity of material whilst constructing something that can carry the 
same function to the before-product. 
However, in return of constructing a structure using less quantity of 
materials, there comes another concern related to its strength and capability 
to withstand load. Upon reducing the quantity of material for a structure, the 
strength of that particular structure will also reduce along with it. Due to the 
stated problem, fibre made of steel, glass and others are used to assist the 
structure. Different fibres have different characteristics, thus have different 
effects on concrete. Fibre reinforced concrete can effectively reduce the 
brittleness of concrete and improves its characteristics. Steel fibre is the 
commonly used fibre [2-3]. Steel fibre can increase the toughness of concrete 
as well as its resistance to impact. 
Moreover, the cost of construction can be reduced when steel fibre is 
mixed in plain concrete [4]. With the addition of steel fibre, the ultimate load 
may increase up to 13% with a 3% reduction of displacement compared to 
normal concrete slabs [5]. During full-scale testing on the central loaded 
ground slab, it showed that the addition of steel fibre increased the load 
carrying capacity of the structure [6]. Steel fibre reinforced concrete is a 
concrete with added amounts of steel fibre [2][7].
Numerous researches have been conducted on the use of steel fibre on 
slab structures [5][8]. From previous research, hooked end steel fibre was 
found to be a suitable additional material to improve the performance of 
concrete such as mechanical resistance of concrete and ductility [9]. Steel 
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fiber also improved the bond and anchorage of the steel fibres in concrete 
mixtures [10].
Strength and stiffness of structure depend on the strength and toughness 
of joint between layers. Therefore, ribs and other various shapes are included 
in order to help reduce the cost of the structure. The variety of design of the 
slab structure can reduce the concrete use up to 30% and give good strength 
[11]. Ribbed slab introduces void at the soffit to reduce its dead weight and 
increase the efficiency of the concrete section. With the variety of design 
such as ribbed slab and waffle slab, it is as an advantage in architectural 
design and also economic in term of material use [12]. Part of the benefit 
of ribbed slab is its lightweight nature. If the structure is lightweight, the 
support for the slab will also reduce, thus reducing the usage of material 
such as concrete for other structures such as beam and column. The ribbed 
slab can also provide extra strength in one direction of the slab.
In research done using finite element analysis, the behaviour of ribbed 
slab is similar to normal concrete structure. This is due to the addition of 
steel fibre in concrete mix [13].
The ribbed slab can also help in improving the aesthetical value of a 
structure. For example, instead of using the normal, rectangular slab, ribbed 
slab can be used as a substitute without losing the strength needed to give 
a fresh look to the old rectangular slab. Ribbed slab is seen as simpler in 
terms of design and also easier to cast on-site.
ExPERIMENTAL
Two-ribbed slab samples and one normal slab were cast in this work having 
the same concrete grade of 30 N/mm2. Furthermore, the dimension of all the 
specimens were identical in term of size. Figure 1 shows the cross-sectional 
dimensions of the both SFRC, 2 and 3-ribbed slabs, and Figure 2 shows 
the plan view of SFRC ribbed slab with depth 75 mm by width 1000 mm 
and length is 1500 mm. In addition, because those slabs were ribbed slabs, 
there were voids created below the slabs. For two-ribbed slabs, there are 
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2-ribbed which each rib was made with a size of 37.5 mm by 335 mm and 
the size of the void is 37.5 mm by 200 mm in depth and width respectively. 
Meanwhile, for 3-ribbed slabs, there are 3 ribbed which each rib was made 
with a size of 37.5 mm by 200 mm and the size of the void is similar to 
the size of rib. All the ribs have same length as the slab which is 1500 mm.
 
Numerous researches have been conducted on the use of steel fiber on slab structures [5, 8]. From 
previous research, hooked end steel fiber was found to be a suitable additional material to improve the 
performance of concrete such as mechanical resistance of concrete and ductility [9].  Steel fiber also improved 
the bond and anchorage of the steel fibers in concrete mixtures [10]. 
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Figure 1 Control and Ribbed Slab Dimension (Source by Author) 
 
Figure 1: Control and Ribbed Slab Dimension (source by author)
 
 
 
Figure 2 The plan view of SFRC Ribbed Slab (Source by Author) 
Mixing of concrete was done thoroughly to ensure that concrete of uniform quantity is obtained. For 
this study, the machine mixing is done in casting of concrete up to 0.1m3. Initially, the surface of formwork 
should be leveled and moist by oil. After that the course aggregate were spread over the sand, and then the 
cement was spread over course aggregate. The mixer was operated up to two minutes for mixing until the color 
of the mixture is uniform. Then, the water is added slowly while the mixer is operating until the mixture obtains 
proper consistency. The steel fibers were added last into the mixture gradually until it is well distributed. 
Three Points Bending Test 
Bending test was done to determine the strength of a material when bent over a given radius. Three 
point bending test is selected due to its simplicity and it is suitable to evaluate fibre reinforced concrete 
properties [13].Using the universal testing machine, the slab was placed in the setup to test its ultimate strength. 
One of the main advantages of three points bending testing is the ease of testing. Four LVDTs were placed at 
the centre; upper part and lower part of the slab. However, the results of the testing method are sensitive to 
specimen.  
Both Figure 3 and 4 shows the placement of load in two types of view which was used the three point 
load test using the machine. The load applied was gradually increased until the slab fails and the data logger 
recorded its ultimate strength. In addition, there were also four LVDT used in this study for each specimen to 
obtain the displacement or deflection of concrete. The LVDT placed on both top and bottom surfaces of the 
slab, where each surface placed two of transducers. Figure 5 shows the detailed locations of each transducer. 
Figure 6 shows the actual settings done at the heavy laboratory. 
 
Figure 3 Plan View of Experimental Setup (Source by Author) 
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1500 mm 
Figure 2: The Plan View of SFRC Ribbed Slab (source by author)
Mixing of concrete was done thoroughly to ensure that concrete 
of uniform quantity is obtained. For this study, the machine mixing was 
done in casting of concrete up to 0.1 m3. Initially, the surface of formwork 
waslevelled and moist by oil. After that, the coarse aggregates were spread 
over the sand, and then the cement was spread over course aggregate. The 
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mixer was operated up to two minutes for mixing until the colour of the 
mixture is uniform. Then, the water was added slowly while the mixer was 
operating until the mixture obtains proper consistency. The steel fibres were 
added last into the mixture gradually until it is well distributed.
Three Points Bending Test
Bending test was conducted to determine the strength of a material 
when bent over a given radius. Three point bending test is selected due to its 
simplicity and it is suitable to evaluate fibre reinforced concrete properties 
[13]. Using the universal testing machine, the slab was placed in the set-
up to test its ultimate strength. One of the main advantages of three points 
bending testing is the ease of testing. Four LVDTs were placed at the centre, 
upper part and lower part of the slab. 
Both Figure 3 and Figure 4 shows the placement of load in two types 
of view which used the three point load test using the machine. The load 
applied was gradually increased until the slab fails and the data logger 
recorded its ultimate strength. In addition, there were also four LVDTs used 
in this study for each specimen to obtain the displacement or deflection of 
concrete. The LVDT placed on both top and bottom surfaces of the slab, 
where each surface placed two of the transducers. Figure 5 shows the 
detailed locations of each transducer. Figure 6 shows the actual settings 
done at the Heavy Laboratory.
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Figure 3: Plan View of Experimental Setup (source by author) 
 
 
 
 
 
Figure 4 Side Elevation View of Experimental Setup (Source by Author) 
 
Figure 5 Position of LVDT (Source by Author) 
 
 
Figure 6 Laboratories Experimental Setup (Source by Author) 
 
700mm 700mm 
Load Cell 
Figure 4: Side Elevation View of Experimental Setup (source by author)
 
 
 
 
 
 
Figure 4 Side Elevation View of Experimental Setup (Source by Author) 
 
Figure 5 Position of LVDT (Source by Author) 
 
 
Figure 6 Laboratories Experimental Setup (Source by Author) 
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Figure 5: Position of LVDT (source by author)
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Figure 6 Laboratories Experimental Setup (Source by Author) 
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Figure 6: Laboratories Experimental Setup (source by author)
Before testing, the dimension of the setup was carefully checked, and a 
detailed visual inspection made with all information was carefully recorded. 
After setting and reading all gauges, the load was increased incrementally 
up to calculated working load, with loads and deflections recorded at each 
stage. Loads were increased normally again in similar increments up to 
failure as well as deflection be recorded too. 
RESULT AND DISCUSSION
Load versus Displacement
The results illustrated in Figure 7 show that the load has been 
increased up to its failure level, then, load and deflections for all the load 
steps wererecorded. Each slab shows different behaviour when the load was 
applied to them. Initially, there is a not much difference from both slabs 
when the load started to apply. But, the 2-ribbed slab shows it can cater 
much load at the beginning of the test compared to the 3-ribbed slabs. It 
is observed that the 2-ribbed slab behaved linearly elastic up to the value 
of around 5.97 kN higher 23.11% compared to the 3-ribbed slab recodring 
4.59 kN where at this point, the minor cracks started appear at the tension 
face of the bottom slab. As the load further increases, the deflection started 
increasing with the load increment up to maximum load. The ultimate 
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carrying capacity of the 2-ribbed slab is 6.2 kN when the deflection has 
reached to the value of 0.82 mm, while 5.97 kN and 4.81 mm of ultimate 
load and deflection for 3-ribbed slab respectively. After reaching the ultimate 
load, the value of load decreases as the slab losses its stiffness or the slab 
facing the softening stage.
 
Before testing the dimension of the setup was carefully checked, and a detailed visual inspection made 
with all information carefully recorded. After setting and reading all gauges, the load was increased 
incrementally up to calculated working load, with loads and deflections recorded at each stage. Loads were 
increased normally again in similar increments up to failure as well as deflection be recorded too.  
Result and Discussion 
Load versus Displacement 
The results illustrated in Figure 7 showed that the load has been increased up to its failure level and 
then load and deflections for all the load steps are recorded. Each slab shows different behaviour when the 
load is applied to them. Initially, there is a not much difference from both slabs when the load is starting to 
apply. But, the two- ibbed slab shows it can cater much load at the beginning of the test compared to three 
ribbed slabs. It is observed that the two-ribbed slab behaved linearly elastic up to the value of around 5.97 kN 
higher 23.11 % compared to three-ribbed slab is 4.59 kN where at this point the minor cracks started appearing 
at the tension face of the bottom slab. As the load further increases, the deflection started increasing with the 
load incr ments up to maximum load. The ultimate carrying capacity of two-ribbed slab is 6.2 kN when the 
deflection has reached to the value of 0.82 mm and while 5.97 kN and 4.81 mm of ultimate load and deflection 
for three-ribbed slab respectively. After reaching the ultimate load, the value of load decreases as the slab 
losses its stiffness or the slab facing the softening stage. 
 
Figure 7 Load versus Deflection (Source by Author) 
 
 
Figure 7: Load versus Deflection (source by author)
Table 1 tabulates the maximum load and deflection for control, 2-ribbed 
slab and also 3-ribbed slabs. The maximum deflection recorded from the 
test shows that control slab achieved the value of 2.04 mm of displacement 
at the highest load of 6.2 kN which behave similarly with 2-ribbed slab in 
term of maximum loading which is 6.2 kN with the displacement recorded 
is 0.82 mm. In the meantime, 3-ribbed slab recorded the maximum load of 
5.97 kN and the deflection at maximum loading around 4.81mm.
Table 1: Maximum Load and Deflection
Sample Maximum Load (kN) Deflection at Maximum 
Load (mm)
Control 6.2 2.04
2-Ribbed 6.2 0.82
3-Ribbed 5.97 4.81
23
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From the results shown in Figure 7 and Table 1, it is observed 
that the 2-ribbed slab behaved linearly elastic up to the value of around 
5.97 kN higher 23.11% compared to the 3-ribbed slab marked 4.59 kN 
where at this point the minor cracks started to appear at the tension face 
of the bottom slab. As the load further increases, the deflection started to 
increase with the load increment up to maximum load. The ultimate carrying 
capacity of the 2-ribbed slab is 6.2 kN when the deflection has reached to 
the value of 0.82 mm, while 5.97 kN and 4.82 mm of ultimate load and 
deflection for the 3-ribbed slab respectively. After it reaches the ultimate 
load, the value of load decreases as the slab losses its stiffness or the slab 
facing the softening stage.
There are several factors that lead to the results. Firstly, the bonding 
between concrete and steel fibres affects the behaviour of slabs. Based on this 
study, the steel fibres functions well to extend or postpone the disintegration 
of matrix concrete because the tensile stress was absorbed by steel fibre. 
Furthermore, using of hooked-end fibre shows the effectiveness of elastic 
state of SFRC ribbed slabs. The hooked-end steel fibres tie the concrete 
effectively. During the elastic stage, the steel fibre plays an important role 
to maintain the concrete elastic behaviour longer than normal concrete [5]. 
In order for the SFRC to continue to carry the load and deform plastically 
after cracking has occurred, it is essential for the fibers to be sufficiently 
anchored in the concrete matrix to enable the full tensile strength of the 
fibres to be harnessed. Physical testing of steel fibres for pullout values has 
shown that ‘hooked-end’ fibres pull through as the ultimate fibre capacity is 
reached and this means the full capacity of the fibre is achieved over high 
deformations giving high-energy absorption and the characteristic ductility 
required to prevent brittle failure [5][9]. 
From the deflection magnitude, 2-ribbed slab is lower compared 
to 3-ribbed slab. Actually, this condition is unexpected condition where 
logically, the deflection will increase as the load increases. The reason 
of this is maybe due to the rib plays the role to control the deflection of 
the slab. So, the increasing number of ribs can reduce the slab deflection. 
In addition, because this slab is designed as ribbed slab, the depth of rib 
also can influence the deflection of the slab. The ribbed slab can act like a 
beam. The ribbed depth influences the slab deflection. In this study, the rib 
depth of both slabs is only 75 mm where the width of ribs is 200 mm and 
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330 mm respectively. Normally, the ratio depth over width is taken into 
account to design rib of the slab. Actually, the best range ratio d/b (depth/
breadth) is between two to three. The ratio became higher if the depth of 
rib increases. Unfortunately, for this test the slab cannot be designed with 
higher depth because the limitation of formwork for cast thicker slab. And 
also, if the ribbed depth increases, the rib can lead to shear failure. Shear 
crack can only be prevented by putting a shear bar inside the ribs. However, 
has not been experemente to avoid using any conventional bar for tensile 
and shear resistance. Perhaps, this slab can maintain the depth of ribbed, 
but the breadth of rib need to be reduced as close as to the best of d/b ratio. 
When the width of ribbed is smaller, the amount of concrete used also can 
be reduced. Indirectly, the self-weight of the slab can be kept low.
Visual Inspection
During the static load test, all the cracks formed were recorded. 
Loading was applied at mid span of the slab specimen. As the load increased, 
crack slowly appeared and its pattern visible to naked eyes. Crack patterns 
are one of the information that was observed.
From Figures 8, 9, and 10, it can be observed that each slab specimen 
displayed different crack pattern. For control and 2-ribbed slab, the crack 
pattern of the slab almost straight line as compared to the 3-ribbed slab 
which scattered along the neutral axis.
However, the crack for control appeared to be far from the neutral axis 
compared to the 2-ribbed slab when the crack drifted slightly away from 
neutral axis. This situation happened because of the uneven slab surfaces. 
When the load was applied, the crack started to disperse and propagated 
away from the neutral axis. 
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width is taken into account to design rib of the slab. Actually, the best range ratio d/b is between two to three. 
The ratio became higher if the depth of rib increases. Unfortunately, for this test the slab cannot be designed 
with higher depth because the limitation of formwork for cast thicker slab. And also, if the ribbed depth 
increases, the ribbed can lead to shear failure. Shear crack can only be prevented by putting a shear bar inside 
the ribs. But, this is not done in this study because the experiment, try to avoid using any conventional bar for 
tensile and shear resistance. Perhaps, this slab can maintain the depth of ribbed, but the breadth of rib need to 
be reduced as close as to the best of d/b ratio. When the width of ribbed is smaller, the amount of concrete 
used also can be reduced. Indirectly, the self-weight of the slab can be kept low. 
Visual Inspection 
During the static load test, all the cracks formed were recorded. Loading was applied at mid span of the slab 
specimen. As the load increased, crack slowly appeared and its pattern visible to naked eyes. Crack patterns 
are one of the information that had been observed in order to achieve this research’s objective.  
 From the Figure 8, 9, and 10, it can be observed that each slab specimen displayed different crack 
pattern. For control and two-ribbed slab, the crack pattern of the slab almost straight line as compared to three-
ribbed slab which scattered along the neutral axis. 
  However, the crack for control appeared to be far from the neutral axis compared to two-ribbed slab 
when the crack drifted slightly away from neutral axis. This situation happened because of the uneven slab 
surfaces. When the load is applied, the crack started to disperse and propagated away from the neutral axis.  
 
 
 
 
 
 
 
Figure 8 Control Slab (Source by Author) 
 
 
 
 
 
 
 
Figure 9 Two-Ribbed Slab(Source by Author) 
Figure 8: Crack Pattern f Failed Control Slab (source by author)
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with higher depth because the limitation of formwork for cast thicker slab. And also, if the ribbed depth 
increases, the ribbed can lead to shear failure. Shear crack can only be prevented by putting a shear bar inside 
the ribs. But, this is not done in this study because the experiment, try to avoid using any conventional bar for 
tensile and shear resistance. Perhaps, this slab can maintain the depth of ribbed, but the breadth of rib need to 
be reduced as close as to the best of d/b ratio. When the width of ribbed is smaller, the amount of concrete 
used also can be reduced. Indirectly, the self-weight of the slab can be kept low. 
Visual Inspection 
During the static load test, all the cracks formed were recorded. Loading was applied at mid span of the slab 
specimen. As the load increased, crack slowly appeared and its pattern visible to naked eyes. Crack patterns 
are one of the information that had been observed in order to achieve this research’s objective.  
 From the Figure 8, 9, and 10, it can be observed that each slab specimen displayed different crack 
pattern. For control and two-ribbed slab, the crack pattern of the slab almost straight line as compared to three-
ribbed slab which scattered along the neutral axis. 
  However, the crack for control appeared to be far from the neutral axis compared to two-ribbed slab 
when the crack drifted slightly away from neutral axis. This situation happened because of the uneven slab 
surfaces. When the load is applied, the crack started to disperse and propagated away from the neutral axis.  
 
 
 
 
 
 
 
Figure 8 Control Slab (Source by Author) 
 
 
 
 
 
 
 
Figure 9 Two-Ribbed Slab(Source by Author) 
Figure 9: Crack Pattern of Failed Two-Ribbed Slab (source by author)
 
 
 
 
 
 
 
Figure 10 Three-Ribbed Slab (Source by Author) 
 
As compared to control and two-ribbed slab, the crack width of three-ribbed slab more deep and wide. 
This might happen due to the hydration of concrete. Weather factor also can contribute to this condition. An 
excessive curing temperature can cause severe cracking.  
Due to the effect of steel fibers, the slab specimens did not break up completely. These fibers are 
usually used to control the effect of cracking and shrinkage, thereby it also improved its toughness. Fiber acts 
as crack arresters through the initial loading stage, and increase energy required for crack propagations, that 
provide the increase in strength [15] 
Conclusion 
First and foremost, the Steel Fiber Reinforced Concrete (SFRC) can be one of the structural materials which 
has potential in the construction industry. The behaviour of SFRC ribbed slabs in this study showed that there 
is slightly different between normal concrete and ribbed slab in term of ultimate load carrying capacity and the 
magnitude of deflection. 
The result shows that the steel fibre inside concrete play important role to absorb more loads even though there 
is no reinforcement added. From the experiment the load capacity from both slabs is below 10 kN. But, if 
compared with normal reinforced concrete slab, this study proves the steel fibres can act as reinforcement for 
concrete structure. The following conclusions are drawn based on analysis and performance of SFRC ribbed 
slabs from experimental results: 
a) The ultimate strength for two-ribbed slabs is similar to control slab where the reduction of materials 
has resulted in both slabs behaves almost the same with the control slab in the beginning of the graphs 
as showed in Figure 6. This shows that upon reducing the amounted materials, it only affects the 
strength of the material at a very small scale.  
b) The SFRC two-ribbed slab has greater 37.4% ultimate load capacity and lower 82.9% deflection 
compared to three-ribbed slab from experimental results 
c) Compared to the previous research done by the same using numerical analysis [13] the maximum load 
capacity between the numerical value and experimental value is similar. 
Figure 10: Crack Pattern of Failed Three-Ribbed Slab (source by author)
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As compared to control and 2-ribbed slab, the crack width of 3-ribbed 
slab more deeper and wider. Due to the effect of steel fibres, the slab 
specimens did not break up completely. These fibres are usually used to 
control the effect of cracking and shrinkage, thereby it also improved its 
toughness. Fibre acts as crack arresters through the initial loading stage, and 
increase energy required for crack propagations, that provide the increase 
in strength [15].
CONCLUSION
Steel Fiber Reinforced Concrete (SFRC) can be one of the structural 
materials which has potential in the construction industry. The behaviour 
of SFRC ribbed slabs in this study showed that there is slightly different 
between normal concrete and ribbed slab in term of ultimate load carrying 
capacity and the magnitude of deflection.
The result shows that the steel fibre inside concrete plays important 
role to absorb more loads even though there is no reinforcement added. From 
the experiment, the load capacity from both slabs was found to be below 
10 kN. But, if compared with normal reinforced concrete slab, this study 
proves the steel fibres can act as reinforcement for concrete structure. The 
following conclusions are drawn based on the experimental reselut tested 
on  SFRC ribbed slabs:
a) The ultimate strength for 2-ribbed slabs is similar to control slab 
where the reduction of materials has resulted in both slabs behaves 
almost the same with the control slab. This shows that upon reducing 
the amounted materials, it only affects the strength of the material at 
a very small scale. 
b) The SFRC 2-ribbed slab has greater 37.4% ultimate load capacity and 
lower 82.9% deflection compared to 3-ribbed slab.
c) Compared to the previous research using numerical analysis, the 
maximum load capacity of the same sample, it was found that the 
numerical value and experimental value is similar.
d) It is found that, steel fibre does effectively function as crack arrestor. 
This can be seen in the crack pattern on the failed ribbed slab. 
27
Vol . 15 No. 1, June 2018
ACKNOWLEDGEMENT 
The authors would like to thank Ministry of Higher Education and Institute 
of Research Management and Innovation (IRMI) for funding under FRGS 
scheme (600-RMI/FRGS 5/3 (81/2013)) for funding this research. Special 
thank also to Faculty of Civil Engineering, Universiti Technologi MARA 
and Institute of Research Management and Innovation (IRMI) for providing 
facility and guidance that contributed to the completion of this study.
REFERENCES 
[1]  B., Mosley, J., Bungey and R., Hulse, 2012. Reinforced	Concrete	
Design	to	Eurocode	2. 7th Edition. London: Palgrave Macmillan.
[2]  N., Abdul Rahman, S. H., Hamzah, and E. T. Wong, 2008. Effective 
performance of steel fibre reinforced concrete wall panel for IBS 
component. In International	Conference	of	Construction	and	Building	
Technology (ICCBT), pp 203-212.
[3]  A.R., Jamilah, H. Siti Hawa, and M. S., Hamidah, 2015. Expanded 
polystyrene fibred lightweight concrete (EPSF-LWC) as load bearing 
wall, Jurnal	 Teknologi,	 Vol.	 76(9), pp. 81-85. DOI: https://doi.
org/10.11113/jt.v76.5656.
[4]  M. N. S., Hadi, 2008. An Investigation of the Behaviour of Steel 
and Polypropylene Fiber Reinforced Concrete Slabs. University of 
Wollongong. Retrieved from http://ro.uow.edu.au/engpapers/477.
[5]  A.R., Nurhaniza H., Siti Hawa, and A., Abdulrazzaq, 2012. 
Effectiveness of SteFib in composite structural member, Journal	of	
Engineering	Science	and	Technology,	Vol.	7(5), pp. 552-562.
[6]  Timuran Engineering Sdn. Bhd., 2007. How to Choose Your Required 
Steel Fibres, IEM	JURUTERA	Buletin. 4, 32.
28
Scientific Research Journal
[7]  V. C., Ngu, 2004. Seminar Material. Lecture, Ho Chi Minh: Faculty 
of Civil Engineering, Ho Chi Minh City University of Techology.
[8]  J.B., De Hanai, and K.M.A., Holanda, 2008. Similarities between 
punching and shear strength of steel fiber reinforced concrete (SFRC) 
slabs and beams, Revista	 IBRACON	 Structures	 and	Materials	
Journal,	Vol.		1(1), pp. 1-16. DOI: http://dx.doi.org/10.1590/S1983-
41952008000100001.
[9]  J.F., Lataste, M., Behloul, and D., Breysse, 2008. Characterisation of 
fibres distribution in a steel fibre reinforced concrete with electrical 
resistivity measurements, NDT	&	E	 International,	Vol.	 41(8), pp. 
638-647. DOI: https://doi.org/10.1016/j.ndteint.2008.03.008.
[10] S.A., Altoubat, J.R., Roesler, D.A., Lange, and K., Rieder, 
2008. Simplified Method for Concrete Pavement Design with 
Discrete Structural Fibres, Journal	 of	Construction	 and	Building	
Materials,	 Vol.	 22(3), 384-393. DOI: https://doi.org/10.1016/j.
conbuildmat.2006.08.008.
[11] P., Mindaugas & V., Juozas, 2010. Analysis of Bending Capacity of 
Composite Steel-Concrete Slabs with Steel Fiber Reinforced Concrete. 
In The	10th	International	Conference, Vilnius, Lithuania 19-21 May 
2010.
[12] H.M.S., Abdul-Wahab, and M.H., Khalil, 2000. Rigidity and Strength 
of Orthotropic Reinforced Concrete Waffle Slab, Journal	of	Structural	
Engineering,	Vol.	126(2), pp 219-227 DOI: 10.1061/(ASCE)0733-
9445(2000)126:2(219).
[13] A. S., Samsudin, M. H. M., Hashim, S. H., Hamzah, A. A. Bakar, M. 
F. Mohamed, 2015. Modelling of steel fibre reinforced concrete ribbed 
slab under multiple ribbed conditions, Advanced	Materials	Research,	
Vol.	1134, pp. 127-130. DOI: https://doi.org/10.4028/www.scientific.
net/AMR.1134.127.
29
Vol . 15 No. 1, June 2018
[14] E., Sideridis, and G. A., Papadopoulos, 2004. Short-beam and three-
point-bending tests for the study of shear and flexural properties in 
unidirectional-fiber reinforced epoxy composites, Journal	of	Applied	
Polymer	Science,	Vol.	93(1), pp. 63–74. DOI: 10.1002/app.20382.
[15] G., Martinez-Barrera, F., Urena-Nunez, O., Gencel, and W., Brostow, 
2010. Mechanical properties of polypropylene-fiber reinforced 
concrete after gamma irradiation, Composites	 Part	 A	Applied	
Science	and	Manufacturing,	Vol.	42(5), pp. 567-572. DOI: 10.1016/j.
compositesa.2011.01.016.

SCIEN
TIFIC RESEA
RCH
JO
U
R
N
A
L
Institute of Research M
anagem
ent & Innovation
VOLUM
E 15 NO.1                 JUNE  2018             
ISSN 1675-7009
SCIENTIFIC
RESEARCH
JOURNAL
Institute  of  Research Management  and Innovation
VOLUME 15 NO. 1
JUNE 2018
ISSN 1675-7009
Seismic Response of a Base Isolated Cable-Stayed Bridge Under Near-Fault Ground Motion 
Excitations
Ahad Javanmardi, Zainah Ibrahim, Khaled Ghaedi, Mohammed Jamee,
Usman Hanif & Meisam Gordan
Bending Strength of Steel Fibre Reinforced Concrete Ribbed Slab Panel
Amir Syafiq Samsudin, Mohd Hisbany Mohd Hashim, Siti Hawa Hamzah 
& Afidah Abu Bakar
 
Preliminary Investigation on the Flexural Behaviour of Steel Fibre Reinforced Self-Compacting 
Concrete Ribbed Slab
Nur Aiman Suparlan, Muhammad Azrul Ku Ayob, Hazrina Ahmad, Siti 
Hawa Hamzah & Mohd Hisbany Mohd Hashim
 Strength Performance of Sustainable Mortar Containing Recycle Sewage Sludge Ash (SSA)
Nurul Nazierah Mohd Yusri, Kartini Kamaruddin, Hamidah Mohd 
Saman & Nuraini Tutur
Pull-Out Performance of T-Stub End Plate Connected to Concrete Filled Thin-Walled Steel 
Tube (CFTST) using Lindapter Hollo-Bolts
Nazrul Azmi Ahmad Zamri, Clotilda Petrus, Azmi Ibrahim & Hanizah Ab 
Hamid
C
M
Y
CM
MY
CY
CMY
K
front n back cover srj dis 16.pdf   1   14/2/2017   4:51:37 PM
The Application of Waste Marble as Coarse Aggregate in Concrete Production
Kok Yung Chang, Wai Hoe Kwan & Hui Bun Kua
